Introduction
============

Obesity, insulin resistance, and metabolic syndrome are escalating problems in developed and developing countries. High plasma triglyceride (TG) levels are commonly encountered in clinical practice; 30% of the adult US population has a TG level above 150 mg/dL.^[@bib1]^ Hypertriglyceridemia is perceived to be associated with increased risk of coronary heart disease (CHD) in many epidemiological studies,^[@bib2]^ however the independency of TG level as a causal risk factor in promoting cardiovascular (CV) disease has remained a matter of debate for more than 3 decades.^[@bib1],[@bib3]^

Several mechanisms may link triglycerides to atherogenesis; (1) High very low density lipoprotein (VLDL) triglyceride output activates cholesterol ester transfer protein (CETP) which leads to triglyceride enrichment of low density lipoprotein (LDL) and the formation of small dense LDL particles which are more susceptible to oxidative modification.^[@bib4]^ (2) Triglyceride enrichment of high density lipoprotein (HDL) particles makes them dysfunctional.^[@bib5]^ (3) Postprandial triglycerides has been reported to induce apoptosis, and increase the expression of pro-inflammatory genes.^[@bib6]^ (4) Remnant lipoprotein particles (by-products of triglyceride rich lipoproteins "TRL" hydrolysis) may interfere with the function of endothelial progenitor cells, and lead to foam cell formation in a manner analogous to modified LDL particles.^[@bib1]^ (5) Liberation of free fatty acids, monoacylglycerols during TRL lipolysis could cause local injury and inflammation of vascular endothelium.

APOC3 -- a 79-amino acid glycoprotein that is a major component of circulating TRL -- ([Figure 1](#fig1){ref-type="fig"}) has received recently increasing attention. APOC3 inhibits TRL hydrolysis and promotes pro-atherogenic responses in macrophages and endothelial cells through activation of adhesion and pro-inflammatory molecules expression, and impairment of endothelial nitric oxide production and insulin signaling pathways.^[@bib7],[@bib8]^ Carriers of a null mutation (R19X) in APOC3 gene in the genome-wide association study (GWAS) had significantly lower triglyceride levels, higher HDL-C level, and reduced coronary artery calcification compared to non-carriers, suggesting a potential cardioprotective effect for lifelong deficiency of APOC3.^[@bib8]^

Data from the TG and HDL Working Group of the Exome Sequencing Project provide insights into the association between APOC3 genotype, plasma lipid profile, and risk of clinical CHD.

The study
=========

This study was conducted as a part of the Exome Sequencing Project of the National Heart, Lung, and Blood Institute (NHLBI), and published in the *New England Journal of Medicine* in June 2014.^[@bib9]^ Seven population-based cohorts (Atherosclerosis Risk in Communities, Coronary Artery Risk Development in Young Adults, the Cardiovascular Health Study, the Framingham Heart Study, the Jackson Heart Study, the Multiethnic Study of Atherosclerosis, and the Women\'s Health Initiative) and participants in the Myocardial Infarction Genetics Consortium were included.

Among the 6823 subjects for whom sequencing was performed through the project, 3734 participants were eligible for this study. The protein-coding regions (exons) of 18,666 genes -- total of 256,143 exons, collectively named the exome - in each participant were sequenced. The gene encoding for APOC3 was identified to be strongly associated with plasma TG levels. Specifically, four rare mutations in the APOC3 gene (a nonsense mutation (R19X), two splice-site mutations (IVS2+1G → A and IVS3+1G → T), and a missense mutation (A43T)) were associated with lower plasma TG levels. Carriers of any of these mutations had 39% lower plasma TG levels (84.5 vs. 137.5 mg/dL respectively, *p* = 6 × 10^− 9^), 22% higher HDL-C levels (61.9 vs. 50.7 mg/dL respectively, *p* = 3 × 10^− 6^), and 16% lower LDL-C levels (122.8 vs. 146.2 mg/dL respectively, *p* = 0.05) than non-carriers.

Approximately 1 in 150 participants was a heterozygous carrier of at least one of these mutations. Carriers of APOC3 loss-of-function mutation had 40% lower risk of CHD than that in non-carriers (odds ratio 0.60; 95% confidence interval (CI): 0.47 to 0.75; *p* = 4 × 10^− 6^). Participants with values in the lowest third of the distribution of plasma APOC3 levels had a reduced risk of incident CV events, compared to those with values in the highest third. This association was abrogated after adjustment for other CV risk factors in the Framingham Heart Study, however it was maintained in the Verona Heart study (a study included in the Myocardial Infarction Genetics Consortium).

Discussion
==========

Hypertriglyceridemia is typically heritable, and results from the cumulative burden of variants in more than 30 genes interacting together with several lifestyle factors, most importantly overweight and obesity.^[@bib10]^ Growing evidence from genetic studies has renewed interest in the potential association between elevated triglycerides concentrations and increased risk of CV diseases, specifically after the grave doubts about the power of HDL-C as a causal CV risk factor. Recently published data from Copenhagen City Heart Study (CCHS) and Copenhagen General Population Study (CGPS) have confirmed a significantly lower incidence of CHD in participants with non-fasting triglyceride levels of less than 1.00 mmol/L (90 mg/dL), compared to those with levels of 4.00 mmol/L(350 mg/dL) or more (hazard ratio = 0.40; 95% CI = 0.31 to 0.52, *p* \< 0.01).^[@bib11]^ Moreover, an increase of 1 mmol/L in remnant lipoprotein cholesterol was associated with a 2.8 times increased risk of CHD in a recent Mendelian randomization study.^[@bib12]^

Loss of APOC3 function seems to confer a cardioprotection against CHD. In accordance with a prior study by Pollin et al.^[@bib8]^, data from the NHLBI Exome Sequencing Project, CCHS, and CGPS provide more evidence regarding the favorable impact of reduced APOC3 expression on plasma lipid profile and CV outcome.^[@bib9],[@bib11]^ Interestingly, lipid lowering agents such as fibrates acts partially through indirect lowering of APOC3 expression.^[@bib13]^ In addition, the use of statins, thiazolidinediones, ezetimibe, niacin, fish oil and weight loss, has been associated with decreases in plasma APOC3 levels.^[@bib14]^

In the same context, Kathiresan et al.^[@bib15]^ has recently confirmed a highly significant association between the effects of single nucleotide polymorphism (SNPs) on triglyceride levels and CHD risk, even after accounting for their confounding effect on HDL-C or LDL-C levels. Kathiresan et al. have previously applied the same approach to LDL and HDL in studies that confirmed a causal role for LDL-C and raised doubt on the independent role for HDL-C in the development of CHD.

Regulating APOC3 metabolism may be an important novel therapeutic approach in the near future to manage dyslipidemia and reduce CVD risk - in a manner similar to the development of monoclonal antibodies directed against proprotein convertase subtilisin/kexin type 9 (PCSK9) based on the original data derived from PCSK9 gene studies. In fact, an antisense oligonucleotide therapeutic agent that decreases the production of APOC3 has recently been investigated and shown to be associated with reduced plasma TG levels in mice, nonhuman primates, and healthy human volunteers.^[@bib16]^ With all of these studies and the resurgence of new therapeutic targets comes the hope for more efficient management of dyslipidemia and subsequent elimination of residual CV risk.

What have we learned?
=====================

Genetic studies strongly support a causal association between plasma triglyceride concentrations and CV disease. Low HDL-C might merely be a marker of raised triglycerides and remnant cholesterol. These data may renew the potential benefit of therapeutic lowering of triglyceride levels to reduce the risk of CAD. Large scale randomized trials are urgently needed to assess whether triglyceride-lowering reduces CV disease in patients with raised triglycerides. Moreover, future studies are required to fully understand APOC3 complex physiology and pathophysiology and to establish the practical value of its routine assay in the laboratory, and most importantly the clinical efficacy and safety of novel drug therapy targeting APOC3.
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